INTRODUCTION
= 0.0690476 per month 80 = 0.069 per month 81 For the carrying capacity population of the land area for Red Panda population, its value is assumed to 82 be 300 on the basis of available small land-area, feeding habit of Red Panda, etc. Red Panda feeds upon 83 Bamboos the most and prefers solitude, this carrying capacity is kept for our model with land area chosen 84 as 50 km square. 85 For our model, 40 Red Pandas and 5 Snow Leopards are chosen as initial population size in the area 86 of 50 km square. This small population size is chosen given that both are endangered species and have 87 small population all over the world thus making their population density less. 88 Given the small population size of both species over the 50 km square area, their interaction is 89 obviously less. The assumption of 1% of total Red Panda population is eaten by a Snow Leopard per 90 month is made. So, β = 1% per month = 0.01 per month. 91 Again, the assumption is made that for every 5 Red Pandas eaten, Snow Leopard population gets 92 benefited by one. So, γ = 0.01 5 per month = 0.002 per month. 93 Thus, with these methodology to determine the values of constants used throughout this research, the 94 models are discussed. 95 1 SIMPLE MODEL OF RED PANDA AND SNOW LEOPARD 96 In this simple model of two population species, the change in population of the two species will be 97 explored without taking their interaction terms in concern. This simple model is idealized to study the 98 behaviour of population change in the species. 99 First, the theory behind the simple model is discussed. With the help of python program, the 100 mathematical model is simulated using Euler's method. Conclusion is drawn on the basis of the nature of 101 the curves obtained by simulation. Here, the mathematical theory involved in the model is discussed. The two population species are 104 independent of each-other as the interactive constants, β and γ are both zero for this model.
105
For the Red Panda, the prey model is chosen. Its population increases with time because of its higher birth rate and lower death rate. If α be the population increase rate of Red Panda, k be the carrying capacity of the land-area and u(t) be the population of Red Panda at time t months, the rate of population change per month is given by:
For the Snow Leopard, the predator model is chosen. Its population declines with time because of the assumption that it can't prey upon the Pandas, so its death rate is more than birth rate. If δ be the population decrease rate of Snow Leopard and v(t) be the population of Snow Leopard at time t months, the rate of population change per month is given by:
1.2 Euler's method for differential equations 106 To implement the simulation of the differential equations, Euler's method is used. For the general differential equation
the n-th step of Euler's method is given by
in which ∆t is the time-step.
Simple Model of Red Panda

108
The population of Red Panda changes as per equation 1.
For this model, the value of k is chosen to be 300 in the area of 50 km square. The value of α is 110 assumed 0.118, regarding the passiveness of Red Panda in mating. So, the equation now becomes:
This differential equation is modelled with the help of a python program using Euler's method. 112
Euler's Method and Graphs
113
To implement Euler's method, an appropriate step-size must be chosen. For our model, we choose the 114 step size, ∆t as 1 4 as it produced a smooth graph with less error. We choose the initial population, u(0)
115
of Red Panda to be 40. On simulating the curve using a Python program for this initial population and 116 time-step, the following curve ( Figure 1 ) is obtained. 
Equilibrium Points
118
For the equation of Red Panda, equilibrium point can be calculated be setting
Solving for u(t), either u(t) = 0, or u(t) = 300.
119
This equation has two equilibrium points, 0 and 300. We draw direction fields to show how the 120 solutions behave above or below the equilibrium points.
121
As shown in the direction field plot (Figure 2 ), the population of Red Panda increases towards the 122 equilibrium point 300 if it is greater than zero. If the population is greater than 300, the population 
Simple Model of Snow Leopard
127
The population of Snow Leopard changes as per equation 2.
For this model, the value of δ is assumed 0.069 . So, the equation now becomes:
Euler's Method and Graphs
128
To implement Euler's method, an appropriate step-size must be chosen. For our model, we choose the 129 step size, ∆t as 1 4 as it produced a smooth graph with less error. We choose the initial population, v(0) 130 of Snow Leopard as 5. On simulating the curve using a Python program for this initial population and 131 time-step, the following curve ( Figure 3 ) is obtained. In this interactive model of two population species, the population change of the two species will be 142 explored taking their predator-prey relation in concern. This model discusses how the population of both 143 the species behave when they interact with each other. First, the theory behind the interactive model is 144 discussed. With the help of python program, the mathematical model is simulated using Euler's method.
145
Conclusion is drawn on the basis of the nature of the curves obtained by simulation. For the Red Panda, the interactive factor decreases its population. So, the equation for Red Panda 153 population per time will be:
This can be written as:
For the Snow Leopard, the interactive factor increases its population. So, the equation for Snow 156 Leopard population per time will be:
These two equations can be represented as a system of differential equations:
Euler's method for System of Differential equations
For a system of differential equations, Euler's method works as for a single differential equation. For a system of differential equation, we can write them in the form of vectors. So, if
be a vector representing a system of functions, u(t) and v(t). Then, the differential equation for the system can be written as:
The vector on the right is a function of u, v and t. Because u and v are the part of vector function X, these two functions on the right are also the functions of X. So, the general form of this vector can be written as:
Because both functions depend on t and X, we can now even define a vector function F, of t and X which has as first component the function f 1 and as second component the function f 2 as:
For this general differential equation, the n-th step of Euler's Method is given by
in which ∆t is the time-step. 
On simulating the model for these initial populations, the population of both the species change 168 for around 500 months ( Figure 5 ) and tend to stabilize on approaching the equilibrium point, which is 169 discussed further in the subsection 2.4. 
Equilibrium Points
171
For the system of differential equations, The equilibrium points can be found by setting du dt = 0 and dv dt = 0. Solving for the equilibrium 173 points, the following equilibrium points are obtained for the system of these two differential equations: 
Conclusion
184
In this interactive model, the population of Red Panda and Snow Leopard was simulated taking the 185 interactive constants β and γ. On simulating the model, it is observed that population of both species 186 keeps on increasing and decreasing for some months and eventually approach towards the equilibrium 187 point (34.5, 10.44) and stabilize thereafter. Thus these two species maintain balance in their population.
188
HUMAN EFFECT ON INTERACTIVE MODELLING
189
In this chapter, the human effect on interactive modelling is discussed to give the report a more realistic 197 So, for our model, the equation for Red Panda population per time will be:
The equation for Snow Leopard population per time will be:
This equation can be written as:
),
Simulation of the Model
In this model, we specify the value of σ and θ and observe how the populations behave over different values of θ and α. The values of α, δ , k, β and γ are kept the same from the previous models of Red Panda and Snow Leopard (Chapter 2 and 3) . The initial set of populations is also the same: u(0) = 40 and v(0) = 5. Thus the system of differential equations for this model is:
Model for σ = 0 199
For σ = 0, the system of differential equations 11 can be re-defined as: (Figure 8 and 9) . The more the value of θ , more rapidly the population of Snow For θ = 0, the system of differential equations 11 can be re-defined as: Leopard, reaches to zero after some months (Figure 10 and 11) . On simulation, for σ < 2, the population 210 of both the species keeps increasing and decreasing for around some time period and then approaches to For nonzero σ and θ , the system of differential equations is: (Figure 12, 13 and 14) . However, the Red Panda population behaves according to the value of 218 σ . If σ ≤ 3.7, the population of Red Panda rises and remains constant on reaching its equilibrium point 219 which is less than 300 (Figure 12 and 13) . The steepness of the Red Panda population is determined by 220 the value of σ , the more the value of sigma, less positive the slope is. If σ > 3.7, the population of Red
221
Panda also decreases and eventually reaches zero after few months, with the curve having negative slope 222 ( Figure 14) . Thus, in this model, the Snow Leopard population gets extinct whatever values σ and θ take.
223
For the Red Panda, its population gets extinct if σ > 3.7 per month. 
